This article takes an information processing perspective to review current understanding of brain mechanisms of human voluntary timing. Theoretical accounts of timing of the production of isochronous tapping and rhythms and of bimanual responding repetitive responding are reviewed. The mapping of higher level temporal parameter setting and memory processes and of lower level motor implementation process onto cortical and subcortical brain structures is discussed in relation to evidence from selective lesions in a range of neurological motor disorders. Brain activation studies that have helped identify key brain structures involved in the control of timing are reviewed.
INTRODUCTION
Variability is characteristic of the timing of movement. Even a skilled drummer is likely to exhibit moment-to-moment fluctuation in intervals between drum beats. Of course, some departures from strict periodicity are desirable when they contribute to the expressiveness of musical performance (Shaffer, 1982) . However, some unintended variation from the notated durations is to be expected. Such variability reflects limits on voluntary timing and, in this brief review, I consider the nature of the variability and the brain mechanisms that may be involved. I summarize the literature on control of timing in terms of behavioral studies of normal and neurologically impaired subjects, and studies of brain activation. Questions addressed include: What is the nature of variation in timing? What is the relation between mean and variance of interresponse intervals? How do successive intervals covary? What roles are played in timing by cognitive processes such as memory and attention? What are the links between time interval production and the perception of time intervals? What is the difference between simple tapping and producing rhythmic patterns of time intervals? What is the relation between timing one or two hands? What do the various brain structures involved in movement contribute to timing? Do different neurological motor disorders result in contrasting patterns of impaired timing?
TWO-LEVEL MODEL OF SOURCES OF VARIABILITY IN TIMING
In this review I focus on behavioral studies of timing of relatively short intervals of up to 2 or 3 s, since these span the timescale of (and may therefore be applicable
